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! 
This invention relates generally to modulated 
microwave generators and more particularly fo 
improved methods oï ard means ïor amplitude 
moduluting and frequency-contTolling microwave 
generators, esPecially of the magnetron type. 5 
In the copending applications of Lloyd P. 
Smith, Serial Number 563,732, filed November 
16, 1944, and entitled: ttigh Freeluency Apparatus; 
a-nd Jotin-S. Donal, Jr:, et al., Serial lumber 
757fl56, filed June 28, 1947 and entitled Frequency 10 
Mbdulated Magnetron lYiicrowave Generator, now 
Patent No. 2,534,503, granted December 19, 1950 
there is disclosed a system for modulating or 
cortrolling  the frequency of/a magnetron micro- 
wave generator by projecting an electron beam 15 
along a constant magnetic-field, and through a 
cavity resonator which may be either a cavity 
resonator of a magnetron generator or un ex- 
ternal cavity resonator coupled fo a magnetron 
generator: Control of the energy of the modu- 20 
lating- electron beam provides a variable shunt 
reuctance:for the frequency determining param 
eters  of the  magnetron generator« 
" The  instant invention is an improvement upon 
tle devices disclosed in- sid copending applica- 25 
ï0ns in .that applicants bave found that. either 
frequency or. amplitude-modulation of the mag- 
netron generator may be provided substantially 
to the exclusion of, or. independently of, the 
other, . depending upon the intensity of the ap- 30 
plied unidirectional magnetic field. Furthermore, 
applicnts  have round that optimum magnetic 
field.intensities-exist for most efficient, magnetron 
microwave generatior, for amplitude modulatïon 
to-the exclusion of frequency modulation, and for 35 
frequency modulation to the-exclusion of ampli- 
tude" modulation. 
The-insiant invention utilizes ttiese reaIizations 
of«optimum magnetronmodulating and, operating 
ctiarùcteristics and comprises improved methods 40 
of; and means for providing an efficient ampli- 
tude-modulatedmagnetron genertor which may, 
iF desired, include frequency stabilization. 
/î first' embodiment of the invention comprises 
a magnetron generator of the multi-cavity type 45 
which includes means ' for providing a frequency- 
s.tabilizing electron beam projected through one 
or-more of the magnetron resona-nt cavities and 
additional: means for providing un amplitude- 
modulating electron beam projected through one 0 
or more of said magnetron resonant cavities, and 
thus effec£ively directly in shunt with the load. 
In order to provide optimzun operating character- 
istics for he generation of microwave oscillations 
in the magnet'on proper, us well us to- provide 55 
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optimum frequency-stabilization and amplitude- 
modiilati0n of the microwave oscillations, the in- 
tensifies of the unidirectionai axial magnetic 
filds applied to the magnetron proper and fo 
the modulating and control electr0n beam struc 
t-ures-are adjusted to optimum values by proper 
proportioning of the magnetic structure-operable 
upon the different portions of the system, 
A modification of the invention contemllates 
the Use - of ' un external amplitude-modulating 
electron beam evice connected fo the 0utput 
transmission line connecting a. microwave gener- 
ator to its load. The amplitudem0dilatingelec- 
tron beam device comprises an electron beam 
generating gunwhich projects a- modulating elec- 
tron - beam through a coaxial, cavity resontor 
to a collector electrode. The electron gun in- 
cludes a control grid to vary the bem current. 
When a unidirectional axial magnetic field of 
proper intensity is applied to the d'evice» the 
latter operates as a variable-nón-reaetive shunt 
conductance connected fo the microwave load 
transmission line. The variable shunt conduct- 
ance is connected, either tin, ough  hal.f-wave 
transmission line, or through a quarter wave 
transmission line, to a peint on the load trans- 
mission line removed  some odd multiple of 
quarter wavelength af the operating freeluency 
from the microwave generator. 
The amplitude-modulating syste ms comprising 
the instant invention provide a- much more effi 
cient method of amplitude-modulating-micro- 
wave oscillat.ions than is-possible by grid modu- 
lation of triode generators or by anode voltage 
modulation of magnetron or Klystron generators. 
Furthermore, in addition tomore efficient oper- 
fions, the amplitude modulation of, microwave 
oscillations may be accomplished without the 
usual-undesirable frequency-modulation as is the 
case.when a magnetron is modulaeoE by varying 
the anode-cathode potential. /klso, anyresidual 
frequency-modulation or frequency instability in 
the device may be compensated for by .the 
clusion of a separate frequency control electron 
beam device responsive to frequency deviations in 
the modulated generator, oscillations. 
Among the objects of the invention are to 
provide improved methods of and means for 
modulating microwave oscillations. Another ob- 
ject is to provide improved.methods of and means 
for amplitude-modulating magnetron generators. 
A.further object is fo provide an.improved method 
of and- means for amplitude-modulating, a mag- 
netron generator at: a high modulation percent- 
age., An. additional object is to provide improved 



methods of and means for amplitude-modulating 
microwave generators and for simultaneously 
stabilizing the frequency of the generated oscil- 
lations. Another object is fo provide methods of 
and means for selecting optimum magnetic field 
intensifies ïor microwave magnetron generating 
and modulating devices. A further object of the 
invention is fo provide Lrnproved methods of and 
means for insuring optimum operating param- 
eters in an amplitude-modulated magnetron gen- 
erator by providing optimum unidirectional axial 
magnetic field intensities for the magnetron gen- 
erator per se, and for the amplitude or frequency- 
modulating or control electron beam devices asso: 
ciated with the magnetron generator. A still 
further object of the invention is fo provide 
proved methods of and means ïor coupling a vari- 
able conductance device fo the load circuit of 
microwave generating system ïor providing am- 
plitude-modulation oï the generated microwave 
oscillations. 
Other objects oï the invention include hnproved 
methods of and means for aInplitude-modulating 
micr0wave oscillations substaltially fo the ex- 
clusion of accompanying resultant frequency 
modulation. Another object is fo provide im- 
proved methods of and means ïor ïrequency- 
modulating, stabflizing, or controlling microwave 
oscillations substantial]y fo the exclusion of 
acc0mpanyLug resultant .amplitude-modulation. 
Another object oï the invention is fo provide an 
improved magnetron microwave generator in- 
cluding an amplitude-modulating electron beam 
device projectéd through one of the magnetron 
cavity resonators and a frequency-stabilizing 
electron beam device also projected through one 
ofthe magnetron cavity resonators, said mag- 
netron generator including means for applying 
midirectional coaxia! magnetic fields of different 
intensities fo the generating and modulating sis- 
ments of the device. 
The Luvention wfll be described in greater de- 
rail by reference to the accompanying drawings 
of which Figure 1 is a family of graphs illustrat- 
ing the operating characteristics of the system; 
Figure 2 is a partially schematic, cross-sectional 
elevational view of a first embodiment of the in- 
vention; Figure 3 is a fragmentary, cross-sec- 
tional plan view taken along the section line 
III--iii of Figure 2; Figure 4 is a schematic cir- 
cuit diagram tobe referred to in the description 
of the operation of said first embodiment; Figure 
5 is a schematic circuit diagram of  modifica- 
tion of said first embodiment of the invention; 
and Figure 6 is a perspective, partia]ly sectional 
view of a modulating electron beam device com- 
prising the variable conductance G of the circuit 
of Figure 5. Simflar reference characters are 
plied fo simflar elements throughout the drawing. 
leferring to Figure 1 of the drawing, the graph 
1 illustrates the variation in frequency of micro- 
waves generated by a multi-cavity magnetron 
as a function of the unidirectional axial magnetic 
field intensity applied fo a modulating lectron 
beam coupled into or projected through one 
the magnetron cavity resonators. Graph 3 illus- 
trates the radio frequency loading of the mag- 
netron by the modulating beam as a function 
of said flnidirectional magnetic field intensity. 
Comparison of the graphs indicates that maxi- 
mum frequency modulation is obtained for values 
A1 and A2 of magnetic fie]d intensity although 
some radio frequency loading occurs for these 
values. Appreciable frequency modulation may 
 be provided for values B1 and B2 with neglgible 
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radio frequency loading. Also substantially no 
frequency modulation will obtain and a maximum 
of radio frequency loading wfll be provided for a 
magnetic field intensity indicated by the value 
5 C. in addition, it bas been determined that most 
magnetrons function most efficiently as a micro- 
wave generator for even higher values of mag- 
netic field ir/tensity as indicated by the value D. 
As a result of the information deduced from 
10 the graphs 1 and 3, applicants have provided a 
mult-cavity magnetron microwave generator in 
which the mgnetron cathode and anode are 
operated ata magnetic field intensity of a value 
D fo obtain good operating eflïciency, a frequency 
5 control electron beam is projected through one 
 of the magnetron cavities for stabilizing the oper- 
. ating frequency, and a second modu]ating elec- 
tron beam is projected through another of the 
magnetron cavities for modulating the amplitude 
20 of the genm'ated microwave oscillations in re- 
sponse to modulating signals. The frequency 
control electron beam preferably is subjected fo 
an axial magnetic field intensity of the value 
B2 which provides substantial]y negligib]e radio 
'25 frequency loading, with appreciable frequency 
control. The amplitude modulating electron 
beam is subjected to a lesser magnetic field in- 
tensity corresponding preferab]y fo the value C 
which provides maximum  radio frequency load- 
30 ing and negligible frequency modulation. A uni- 
tary structure including these features is shown 
in Figures 2 and 3 of the drawing. 
The- magnetron generator, comprises a central 
axial cathode  surrounded by a plurality of radi- 
35 ally extending anode cavity resonator vanes  
wbAch are alternately connected together by 
anode vane straps 8, and are positively biased 
with respect to the cathode . The Luner ends 
of the vanes  provide anode segments. The 
0 spaces between adjacent radially extending anode 
vanes comprise anode cavity.resonators tuned fo 
the desired operating, lnicrowave frequency. An 
axial unidirectional magnetic field is derived by 
an external magnetic structure, not shown, ter- 
45 minated in pole pieces , 9' which include small 
pole tips | |, |', of highly permeable material, 
located adjacent fo the central axis of the mag- 
netron. 
The frequency control electroï beam generat- 
50 ing device comprises a first auxiliary cathode I$ 
and a frequency control grid  located above 
one of the spaces between two adjacent anode 
cavity resonator vanes for projecting an e]ectron 
beam | through a cavity resonator fo a collector 
55 electrode I which is positively biased with re- 
spect fo the cathode |. Simflarly the amplitude 
modulation control electron beam device com- 
prises a second auxiliary cathode 2! .with an 
amplitude control grid 25 located above the space 
60 between two other adjacent anode vanes ïor pro- 
jecting a second electron beam 2 through n 
anode cavity resonator to a second collector e]ec- 
trode 2 which is positively biased with respect fo 
the second auxiliary cathode 21. The auxiliary 
65 cathodes  and 2| may be either directly or 
indirectly heated in accordance with known 
thermionic tube technique. 
The pole pieces 9, 9' are so positioned with 
respect to the axis of the magnetron structure as 
0 fo provide the desired coaxial magnetic field in- 
tensity B2 ïor the frequency-contro] electron 
beam, the magnetic field intensity value C for 
the ampiitude-control elecro beam device and 
the magnetic field intensity D for the main cath- 
.75 ode-allode space. The magnetron cathode and 
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anode v,aes: ]: anoe. the frequeneyi connl, axd 
de conth deo beamç dva mgr e 
pling loop 29 coupled into one of thean 
by coecging a discra::, .fo-:example:of 
Fwh aa applied:h c.ahode 
mudulaoEun siIstoç t: cde. 2:1. ad 
of,t, second aiary--eleoEro b'è' deoe.e 
negic field gensigy B, provides substantillY 
ith negligibl radiu frequY" leaï 
e amptude «rol ham.2,: prvds. 
m- load o ghe. genraçed croe: Oscil- 
latio wçih negligible frequency modulagion 
çhereof, sce if is operated with an xiai ma- 
ampligude modulagion elcç0n beam 2 effec- 
gfelY, proidesa neacti,e.vaiable shot- con- 
ductanoe.. G. dicate b çhe. dash. na. esier 
conneeged across.  o.utput trassio .line. 
aylng.ç contokgid, poteniaLvaies-th bam 
currenç, which varis the eneg aBsorui, abitY 
of the. heam.. The. oçY and: 0)eai 
embodimeng of ghe invention iS dscribe:d in 
eager degail by reference  Fire 4 of the 
dawg which ïollos. lU ould be undersgood, 
however, çhag the aPliçude moibo elecçron 
beam may algeatively be inç0porated  an 
exgernal variable cond ucncëdevice as 
graged and described bY  f.erence: o Fi 6: of 
ghe drawing, and ch an exterai variable con- 
ducgance devfce would; - coupled directly go 
one of ghe agetro aodE:caviiesr or::c.oected 
go ghe load çransmissio lin a s wli be discussed 
 greater detail heaffer. 
Reference is ruade go the"cï.0 
where O fs the maetron generar, OE the load 
conducgance, G thevariable.or modulaing con- 
ducgance, and T a iossless tnsformer. By vary- 
çbe-'power in OE w be vried, if tegenrar 
power outpu and thus çhe power ou. 
raformer are consçç. In çs case,   is a 
fraction and 
hen the power in he load is 
 " p=Po(l+)--i (2) 
generar. ' 
Alernçively, i: he rnsïoer were 
è% nd if he generor were  consn volge 
genro çhe power n Gç would remin.co 
sn regrdless oï he wlu. OE G:ç .here» 
fore, '. deoeine he effeciveUs. o 
modon, chemè, he power oupu 
rmers-: mus  be: coidered. 

.... G:enera" charactrisges,  . 
in thergibn oï opeion the 
here K is  constant, .ad 
ance seen by the generator. " 
e vaMdity of this assumption may be con- 
firmed by experimentat data-. Power output and 
10 frequency may be measured as a function of 
load ïmpedance, fr0m: .standing wave: meare- 
menti and; thë: data ' pl0tted   famia "smih 
chart" or "Rieke diagram." om these da, 
the power output is noted as a function of 
1 where R is the load resistanca and Zo the surge 
impedance of the Mne. The zero. retance ne 
is :defermined from the freency ours. 
Dta taken inates that the assed relat 
of Equation" 3 do provide, a  ggod uppr0X- 
20 Gon  actual characristics and' tht u: wes 
from about 0.1 to 0.6 for. differnt types of 
magnetrons. 
Power relatons wiçhuu$ tra]orm 
2 If the transformer T were hot: present, or- if 
the transformer were a tramsion ne of an 
tegral number of hall wavelenhs, then the 
load and modulating conductance would be ef- 
fectively in direct shunt with the generar. 
0 the modulating conductance, , were increased 
un-der these conditions, it wod absorb more 
power from the load, G, but the conductance, 
OEn, seen by the genert is: izease.d: and 
therefore from (3),. the power eutput of :the 
 magnetron generar increases. erefore, the 
deease in power in G is- the difference 
tween-the addi£ional per bsorbed 'iu.G and 
the increase in power ontput. 
is condition obins when the: amplîde 
40 modulating electron be is projected through 
one of the magnetron: cavity resonars as in 
the device described by reference  .gures. 
2 and 3. 
, e conductance seen by. the generar is 
45 GG(Ia) (4) 
poKGU(l +a) u (5) 
 und the. power i. the loud. is, from- 
p=KGu(-l@a) - . (6) 
e mugnetron efficiency, is defined by 
where Pin is the power. put 
given tube, this efficiency will hure u muximum 
6 vulue, either lited by sbilit or becuuse 
represen u match between the tube und. i ef- 
fective loud. since if will be ussumed.', that; Pin 
is onstunt, mux.imum efficiény 11 occ when 
OE: is u muxim; oF iç wfil ogcwhen a hus 
5 regched i muximumvulue; i. e., 
ïo where.  is  beundersod: ha 
a hs some maximum VMUe; 
- .. .... ç quanta: defied as. h::: the- mi- power 
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swing during modulation divided by the average 
power input. This efficiency, so defined, is zero 
when there is no modulation present, and is unity 
when a tube wth 100% plate efficiency at all 
values of power output obtained during modula- 
tion is moduiated 100%. Itis independent of 
the "carrier level." 
= p,, - (9) 
Pmax occurs when a is zeto and Pmin when a is 
maximum in the case being considered and so 
rom Equation 6. 
K 
=G[1-- (+a) -] (10) 
where it is again to be understood that a bas its 
maximum value. Expressing this modulation 
efficiency in terres of the maximum magnetron 
eciency rom uation 8. 
 1 
is function bas a maximum with respect  a 
which occurs when 
1 
a = u u-1 -- 1 (12) 
and bas a value of 
The modulation eciency, $, thus is a function 
of a or fferent values of u. 
It is requently conenient to dene a motiVa- 
tion acr, m, as the ratio of the maxum volt- 
age amplitude of the envelope to the average 
Volage-of the carrier. This may be written 
- ' M-- 1 
m+l (14) 
where M  deflned by 
MiP, 
pi (15) 
Using Equation 6, (15) becomes 
Mz (la) -u (16) 
From Equations 14 and 16, m may be calculad 
as a unction of a or different values o u; 
The value of M  when a has the value, given by 
Equation 12, for maximum $, is 
MU=l/u (17) 
and the value of m for maximum f is 
1--u  
m= (t8) 
t+u  
Eec$ o] $rans]mers 
.As discussed heretoIore, e power characis- 
tic oI the magnetron works in opposition  that 
oI the shunt combination of-G and Gn. It  
ereore desirable to introduce between the 
maetron and the two conductances, a trans- 
former T which will effectively invert the charac- 
tertic o e generar. 
Ts is most easily accomplied by the use of 
an external modular and a quarr-wave trans- 
former» a transmission line of an odd nber o 
quarter wavelengs long, between the generator 
and e junction oI the load and modulator lines, 
as shown in Fire 5, since an cree in the con- 
ductance at the junction oI e load and modu- 

lator lines will result in a decrease in the con- 
ductance seen by the generator O. This will de- 
crease the power output of the generator, and 
so the power in the load is decreased for this 
5 reason in addition to the decrease from increas- 
ing G. 
Any length of transmission line transformer 
other than an integral number of hall or quarter 
wavelengths would reflect a reactive comportent 
10 back to the generator, and since this would result 
in frequency modulation, it is hot feasibli, for 
amplitude modulation. 
It is also possible to insert a transformer be- 
tween the modulating conductance, G, and the 
15 point of junction with the load line as shown in 
Fig. 5. If this were a half-wave transformer, no 
change would result, since it wouid have the same 
effect as a direct shunt across the load. If it 
were a quarter-wave transformer, an inversion 
20 wiuld result such that when G is zero, the load 
would be short-circuited. This would reflect an 
open circuit to the generator, with a quarter wave 
transformer between the generator and the 
junction. 
'25 It is assumed that the load conductance, GL, 
is equal to the surge admittance, Y0, of the line 
and so the distance between the actual load and 
the junction point with the modulating branch is 
hot important. 
3O 
Power relations with quarter-wave load-line 
trans]ormer 
If a quarter-wave transformer is usedbetween 
the generator and the junction with the modu- 
35 lating branch, and a half-wave transformer be- 
tween the junction and G, the arrangement is 
represented by Figure 5. 
The conductance seen by the generator will be 
40 GLL= Y°2 
G-G ( 19 ) 
and since G=Yo, 
G=GL ( I +a ) -I (20) 
45 the poweroutput of the tubeis 
Po=KGU(l +a)-u (21) 
and the power in the load is 
PL= KGL U( I +a ) --1-u (22) 
60 The tube efficiency is 
=G( t÷a)- (23) 
but, in contrast to the transformerless situation, 
55 the maximum tube efficiency occurs when a is 
zero, giving 
m= (24) 
$0 As defined by Equation 9, the modulation elïi- 
ciency becomes 
--- 1 mx [ 1-- (l÷a) -l-u] (25) 
This function does hot bave a maximum for finite 
5 a, but increases with a. 
The ratio M is 
M 2-- (l÷a) l+u (26) 
From Equations 26'. and 14 m may be calculated 
70 as a function of a. 
Comparison between the two types of load line 
transformer connection may be easily made. As 
an example, if u0.3 and al, the half-wave 
transformer connection gives a value of  of 
75 0.156maz, while the. quarter-wave transformer 
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connection gives a +value:oï- oï "0.297+m. For 
the half-Wave transformer connection and 
the maximum value of +-is 0.209+max and occm's 
when a=4.6. This same efficiency obtains in the 
qum-ter-wave traformer connection when 
=06. 
The quarter-wave ioad 1.e .trafoer con- 
nection gives an .appreciabl-y .higher modation 
effiencY for a given range in modulatg con- 
ductance and ill givethe saine efficiency as the 
haE-wae :sf'mr connection ,at a much 
low.rangeof modulatg conductance, 
It , of course, dessale fo var.y the conduct- 
:ance, G, electronicay: 0/eover, if is desirable 
that G be zeal at all .rimes, sdthat no fequency 
modulation occurs, ana that G be a function of 
an ind@endent parameter, such as a ntrol grid 
pontial, a:idendent of theaverage'oltage 
appearg acro it. A high plate Conductance 
tAode would provide the means of control but 
Conctance/decreases wh-dreasing plate v01t- 
age. :As fhecondùoEnce is increasefi by decreas- 
.g fhe -negafive :grid-ottage; the -power-:l :the 
]od dec'ses but: :ths .decreases -he radio -e 
qcy ¥ottage .on e -plae-of the .triode, tending 
:to'decrese itS--conductce. ' " 
A +ype of +varïmble conduoEace .devïce +hich 
does meet äll -of :the k-boe requirements and is 
me :eci ++han +a +iode is one +sflar 
+sp+rl be +eactance +tube describefl-in said-coi 
endîng -pplic+ions +'d +used +or equcy- 
modlgtg mmge+r. +Such-a.dice is shn 
 Figure 6.  .... 
 +i, ncethe mdmiace Lmcroes the-deve+is ,be 
reml, .aud hms been+mssumed o:e eql foY0 only 
i .-ske +o gimpIicity; +the :magnetic +fiel, H, 
++ouldbe,mdjued+o+hat 
. + +.=+ ...... 
where + is the angur operating frequency 
e/m is the charge to mss:ratio of the electro. 
The quantity 
(in quion, 2ç + 'the +mngùlar ,velocity, of cycto- 
++ton reqency + bf +élec+r0 taling în"citï 
-cular-+pa+ .,in a men+ic eld of .Seg+h 
"e quin 27 may iso.be itte " 
 Whee I0-ïs OEhe.,ta] beam-car.rent,..ïS :the 
.ae :béeen he ptates, .nd -- is ghe 
Ber he .codïfion -pressed :by Equation. OE :is 
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ets +tan-easily :be .ruade appreciably greater than 
unity. Since the energy abs0rbett by each elec- 
tron in a triode is simply ¢0e, the £riodew+uld be 
less efficient +s,,an ergy +absorbing ,deviCe. 
Iï it:berequired that£he elecr0ns ndt.,'be +ap- 
,tured by Che çla+es, ++bu+ be collected :at the end oï 
e .tube ,by a colle+rot, +then r :is idependen+ :of 
the radio ïrequency voltage betw, een-fhe ,Plates. 
Since I0 will be determinedby +he :accelerging 
em voltage V, Which.s +in +he direction :oï:the 
magnetïcfleld, and +a control-ïrid vol+age 
+i}l sbe independent :of ,the cadio +requency olt- 
age, 
To meët :he rextuireent that no.êleCçconsre 
captured by :the ::pltes, ît .is necessr-y that .the 
spiri defiection :be less .than /z (d--i)-, where t 
is .the-cathode idth. 
poEitude f the .spiral is. 
e ,,o ..(29.) 
o 
wher.e 
_eS and:in which ,the.transit :rime is 
vhere  .is he teugth oir the .,pes. ,.o is he 
amplitude ,f "tle ,radio ,frequency ,fleld between 
 he plates. -W-hen .- is .set ecua] to ]/2-(g--), .a 
maximum value of  -esulsv,lIch when'inserted 
05 in Equ$ion 28,-gfvesfm* the maximum obtainble 
-coductaïce 
.¢0 
where ço  he rdio freuency vol$¢e beween 
the pes nd is equl og. 
-i.uce the :.bem curre$ is .lied by he cur= 
4:5 fo 
where  is he ¢$hode lengSh, $he mx 
,lO G,=3°wg.[ (1--qd)ld] (33) 
"  2 
The quantty  brackets is mam when 

'_5 'S/d= /s and has a .maximum value af 
4 
Thus , . 
::60 {ïm a -- 
27  

In order for space charge to permit the current 
:ensity, J0, :to pass«through Che-cavity, he ex- 
pression 

-wheré :Ce is :1he.radie-.lreluel-cy:amPlitude. -The :.70 must hold. Fax  -a lunction of t/g and varies 
.eer.b-sebed .by:each :ëlectrn îsthen from 2 for $/d=l = ,0866 for /=0,. When 
...... W-[- ..... rom.Equation 4., if :is seen that ïf :Gx ïs 
By pror selection of r and d, the tezin hr«ck- 75 ,be ruade :lrge, W .d :d mu be .large. 
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Ëquation 35, large values of d will require a large 
Vb, and since Equations 29 and 30 must be such 
that Y:/2 (d--D, a large Vb will mean a large 
value of l. However, a large wmeans a large I0, 
which with a large V means high total beam 5 
power. Therefore, it is desirable to use as low a 
value of G, as possible, but it is limited only by 
practical factors. 
Finally, it should be pointed out that if the 
electrode arrangement considered is to be part 
of a resonant cavity, the G calculated above will 
be the conductance which appears between the 
"pole faces" of the cavity and will be transformed 
to a new value, appearing across the transmis- 
sion line, by a:coupling arrangement, such as a 
loop or window. It is this conductance which 
pears across the line as G in the foregoing 
analysis. In general, it will be possible tomake 
G appreciably higher than the electronic con- 
ductance, G, and if the proper coupling is used, 20 
G will be directly proportional to G. Since the 
gap filled by the beam is an integral part of the 
resonant circuit, the capacitance of the gap must 
be considered in the design. 
!-Iowever, in estimating the maximum value of 25 
G from Equation 34, the coupling problem need 
hot be considered since ¢02 appears in the de- 
nominator of Equation 34. The radio frequency 
Power dissipated in the beam is /2 6¢02 and this 
must be equal to the power which would be dis- 
sipated in a conductance G across the end of 
the line where an.t.-F, voltage, .¢1 appears. Thus 
Equation 34will give the maximum value of 
directly, if ¢0 is replaced ly ¢1. 
If the beam .is to be placed inside the mag- 35 
netron, as in the system of Figure 2, a direct 
shunt with the load results and the first or 
transformerless analysis is applicable, and lower 
modulation efliciency is .obtained than if a 
quarter-wave load line transformer is used. 40 
Lineariy 
Thedegree oï overgl linearit{of the external 
modulator may.be determined by expressing the 
amplitude of the radio frequency voltage across 45 
the load as a function of the applied signal volt- 
age. This radio frequency voltage amplitude 
0 
which becomes, when Equations 6 and 22 are 
used, 
(±u) 
V=ç/2KGL()(I÷a) 2 (37) 55 
The ÷ sign refers tothe quarter-wave trans- 
former connection, and the -- sign to the half- 
wave transformer connection. Since this volt- 
age is maximum when a is zero, then 60 
(l±u) 
VL:(VL'jmax (l÷a) 2 (38) 
a may be related tothe beam current bY 65 
using Equations 1 a,,oEd 28: 
a=BIo (39) 
where 
B e T 2 
m4dGL (40) 70 
Presumably, a beam forming gun wfll be used 
in the moduiating tube. If V is the control 
gxid. voltage, V the accelerating voltage, and  75 

the amplification factor, the durrènt from .the 
gun is 
/o=P(÷V) i (41) 
where P is the "perveance" of the gun. !nse[t- 
ing Equation 41 into Equation 39 
When V=0, ,a bas its maximum value since it 
is assumed that V is never t0 be positive and so 
Equation 42 may be rewritten 
a=a , V/] (43) 
Using ts expreion in Equation 38, 
where the + nd -- sig gin meïer o he quit- 
tera d hl-wve moecions, respecively. 
mde o coider he "bnd widh" oï he ovem- 
o the pricr mimc cogurion used. 
The sysems oï gumes 2, 3 nd 4 nd 
0ï y muRiple oï oe-hlï wvelengh beween 
low mxim deph oï modion.  im- 
pom impmovemet oï he devies described 
involves he e oï  coupg mnsmissi0n line, 
beeen he qumter wve poi on he lord 
msmission line nd 4he moduling monduc- 
lenghs 
4 
 the opemg microwve ïmequenmy. 
he viy resonor o the exel bsomptlon 
ube . is ed o resonance, nd oeced 
%hrough such  qurer-wve ne o he quitter 
vemy high mesisive imednce o. the modulig 
device pems as  vemy lo resisne  he 
ludes .he sh .resistnCe oï the lord. e 
ïormed through he qumem-wve seion oï 
nemom gemeror oupu oug Io0. us 
shor-cimuied by he modulting 
bu the-magnemo ouu eemg is redued  
n extremely low vlue. Ts rrgement ro- 
rides exmemely eie opemtion nd good 
sysem he decmee in ouu energy movided 
by eying the moduling bem 3' oï he device 
G on nd o omrespoded o  volge modu- 
lr ube losses, he eective volge mod- 
ion hs been od o.be oïhe omder o 90%. 
us he immoveme over the ircs de- 
sbed hemeome ioïr s modion per- 
etge  oncemned is oï the omder o wo or 
hree imes. 
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The foll0ing ,mathematical .discussion .Of 
system pertains .to the improv_ed circuit,employ- 
ing a quartervave .conpling .line beteen :the 
variable .-conductance. device'C and £he .quarter- 
vave load .transmission Zne 3unction. 
Determination of-ee: 
.  _ .o  _ :y = 
- M . 
assumed) 
 " aG,}To? :aGz a ( .a 
lag=etron ge=erator output: .(1%) 

10 

5 

,.,-in , P ..... . . '  ...: 
- To evuate modulation- fficieacy  
but 

-from .experimentl 

PL 

T0 express :ratio f 

;.ReIerring to ;ge 6; £he .external amplitude 
30 modatig or absortion geIce- corresponig 
to .the element G f the-cicuits oescribëd:here 
tOoe.may comise..an acuated glass env!ope 
1 enclosing an electron beam gn compSing 
a :thero.c .cachode  a cotrol grid ':, a 
35 SCëngrid , and..accelerating.grid49 
elëc£r.on:gn ëlement are :sui¢aboEy biased 0 
ject theelectron b ara21 o positively 
cOl!ector :ëlec¢de /.: :e eVacuáted enelPë 
 I. is suondedY a coaal cy: resongteY $ 
£or '$ is£uned .to-the .opérgting.crowaë 
requency, £h prodïnbY microwavë eërgy 
absorption, a traverse mic.owave êlectric fiël 
between the .ectrodes ,. BI and causing è 
45 electron eam ï2.$'. to ï,ollow,. the .ectrix OE a 
h0110w aorte, hag a .radiu detere by, .the 
maraude 0f the ener absorptn: It,.Sh0Id 
be derstood tha the en,ire .assemb!y mayhe 
closë Wîin  metal enveloe, and t 
50 glas. enelope descrid merély ,aomprises a ,con- 
veent emountale deSi. A cbupng !oop 
coled into the resonatOf  and ternated on 
the braCket   sUporfing the èlectro4e '6 :eers 
ener Irom the coupfing traionîe 
55 the cait resonator ando £he eletronbem2$':r 
 ,aal unioEeCtionalmaetic fiéld, of stalë 
innty C as described heretoïore bY reference 
to the graphs ofge t, is apfied t the variàble 
conducnce de,ce G asindicated y the,arxo 
 shod be derstodthat theïnventonïs 
hot .to be codered as ted to .the speaifiC 
crowa ..ructures described herein ,und_-that 
the freency-stabizing and amptude-modfi- 
65 latg fefes m be emptod eifher .in om- 
bination, or as separate adjuncts fo*no Wpes 
of;icrowave generators. 
 the invention desbed .andclaimed 
in. comprises improved metho& of and eam 
70 formodultg the ampfitudes of crowave oscfl- 
laio especiay as proded by maetron 
crowve generators, and additional mea for 
controlg the operating crowave .frequency 
independently0f the amplitude modulation. e 
relations beeen frequency vaAation .and R.-F, 

...po=KauoE u ,(!+a) -ï 
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loading as a function of applied axial unidirec-. 
tional magnetic field intensity are discussed and 
utilized in the various emb0diments of the inven- 
tion. Various circuits and structures are disclosed 
which provide .improved amplitude modulation 
eflic.iency as well as substantial freedom from 
undesired frequency modulation. 
We claire as our invention: 
1. A microwave system including a generator 
adapted to provide microwave oscillations, a vari- 
able-conductance electron beam modulating de- 
vice coupled to said generator, means for pro- 
viding a constant magnetic field coaxial with the 
beam of said device, the cyclotron, frequency of 
said magnetic field being substantially equal fo 
he angular frequency of said oscillations, and 
means for varying the conductance of said beam 
fo modulate the amplitude of said oscillations 
with negligible frequency modulation thèreof 
wherein said generator is coupled fo said variable 
conductance electron beam modulating device by 
means of a load line and impedance inversion 
means coupling sai d variable conductance device 
fo an intermediate point on said load line, 
2. A microwave systemin accordance with claire 
1, wherein said intermediate point is removed an 
odd number of quarter wavelengths af the oper- 
ating frequency from said generator. 
3.. Amagnetron generator including a cathode, 
an anode cavity resonaor adjacent said cathode, 
means for providing a first magnetic field coaxial 
with said cathode, Said generator being adapted 
fo be connected fo a source of operating potentials 
to pr0vide oscillations therefrom,: means for pro 
jecting an electron beam throUgh aid resorlator, 
mÇa.ns for providing a second magnëtïC fieid co- 
axial with said beam, thé cFclotron frequency of 
_sa d second .cQnstant magnetic field ibein, sub- 
staitially equaIt0 the angular freluencY of said 
osciliatiQns, wherebF said beam i substantally 
nonreactive, the intensity of said first magnetic 
field being substantially, greater _than that of said 
second .magntic field, and means for varying the 
Conductance of said electronlbeam fo provide 
amplitude modulation of Said.oscillati0ns. 
 4. À magnetron geneator includinga/central 
cathode surrounded by aplurality of anode Cavity 
reonátors, means for providing  fi2st magnetic 
field coaxial fo said cathode, said generator, beig 
adapted fO be connected fo a sòurcë of. opëraing 
potentials o povide oscillations therefrom méanS 
adjacent fo oneoJ said .resonutors for projecting 
an electron beam along a path extending there- 
throgh, means fër providing a second magnëtïc 
field coaxal with said path, the cyclotron fre- 
quency of said second magnetic.field bing ub 
stantially ' equal to the  generated angular fr 
quency of said magnetron generator, wherèbFsaid 
beam loads said generator non-reactively, the in- 
tensity of said first magnetic field being substan- 
tially greater than that of said second magnetic 
fleld. - =  :' " 
5 A manetron generatb ëc;ding O:claim4, 
further, including meáns  for ïvaryng:,hé.. Con- 
ductance of.sad eléctr0n bearïï te amplitude m0d- 
ulate said oscillations,  
6. A microwave System inCludingl  generatr 
adapted to pr.oyide mcrowavë e.çfllatiens::d vari- 
ablçrconductnce e!eçtrpn beam-.-modulating de- 
-vice coup!ed .tç said generator,.means for .provid-. 
ing a constant magnetic field coaxial with the 
beam of said device,'the cyclotron frequency :oî 
said magnetic field being substantia!ly equal fo 
the angula r frequency of said oscfllations méans 
for varying the Conductance of said beamto 

modu.!atethe.amplitude of said oscillations .with 
negligib!e Zrequency modulation thereoJ, a second 
electron beam modulating deice colpledto said 
generator, means for providing a second constant 
5 magnetic fieldcoaxially.oJ saïd Second modulating 
device and of such strength relative fo the oper- 
ating frequency that said second beam device 
provides appreciable reactive effec upon and 
negligib!e loading of said oscillations, and means 
10 for varying the energy absorbing ability of said 
second beam modulating device fo provide fre- 
quency control of said oscillations. 
7. A microwave magnetron generator including 
a cathode, an anode in operative relation fo said 
15 cathode, said Cathode and anode being adapted 
fo be connected fo a sourceof operating potentials 
fo provide oscillations, a pair of electron modu- 
lating beam devices coupled fo said anode, means 
for providing magnetic fields coaxially of said 
20. cathode and said modulating beam devices, said 
field pr04ding means being constructed and ar- 
ranged fo provide portions of different intensity 
substantially fo provide simultaneous maximum 
loading of and negligible reactive effect upon said 
25 oscillations by one of said electron beams, to 
provide apprecia5le rëactive effect upon and neg- 
ligible loading of said oscillations by the other 
of said electron beams and fo provide high efli- 
ciency of oscillation generation by said cathode 
0 ald anode, means for varying the energy-absorb- 
ing abflity of said one of said electron beams to 
provide amplitude modulation of said oscillations, 
and means for varying, the energy-absorbing 
abflity of said other of said beams to provide 
35 frequencY control of said oscillations. 
8. An amplitude modulated microwave magne- 
tron generator including a cathode, an anode 
having a Plurality of radially disposed cavity 
resonators in operative relation fo said cathode, 
40 said cathode and anode being adapted to be con- 
nected fo a source of operating potentials fo pro- 
vide microwave oscillations, a pair of electron 
beam modulating devices directed through differ- 
ent ones of said resonators, means for providing 
45 a magnetic field coaxially of said cathode and said 
modulating beam devices, said field providing 
means being constructed and arranged to provide 
portions of different intensity substantially fo 
provide simultaneous maximum loading of and 
5 negligible reactive effect upon sàidocillations by 
one of said electron beams, to ProVide alireci-. 
ab!e reactive effect upon and negligible loading 
of said oscillations bY the other of said electron 
beams ánd to provide high efliciency of oscillation 
55 generation, means for varying the energy-absorb- 
ing ability of said one of said electron beams fo 
provide amplitude modulatïon of said oscillations, 
and means ïor varying the energy-absorbing 
ability of said other of said beams fo provide fre- 
6o quency contr01 of said oscillations. 
9. A microwave system including a generator 
adapted fo provide microwave oscillations, a vari- 
able-conductance electron beam modulating device 
coupled fo said generator, means for providing 
5 a constant magnetic field coaxial with the beam 
oî said device, the cyclotron frequency of said 
magnetic field being substantially equal fo thg 
angular frequency of said oscillations, and means 
for varying .the .conductance of said beam fo 
70 mödulate the amplitfide0 said oscillations with 
negligible frequency modulation thereof, wherein 
said generator is coupled fo said variable con- 
ductance device .by means of a ioad line and a 
transmission line having an lectrical length equal 
5 fo an integr.al number of quarter wayelengths at 
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the operating fretuency coupling said variable 
conductance device to an lntermediate point on 
said load line. 
10. A mlcrowave system in accordance with 
claire 9, wherein said intermediate point is re- 5 
moved an Odd number of tuarter wavelengths at 
the operating frequency from said generator. 
JOHN S. DONAL, JR. 
" ROBERT R. BUSH 
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